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Foreword

[image: images]

Iwas lucky to grow up in one of the most beautiful parts of the United Kingdom on the West Coast of Scotland. Even as a child, I loved the way the weather could change the landscape within minutes. Dark, scudding, rain-filled clouds would gather over the islands of Eigg and Rhum and then suddenly golden shafts of sunlight would burst across the silver sands of Morar and turn the clouds into gilt-edged candyfloss.

So it’s hardly surprising that I grew up with a fascination for the weather and how it affects all of us. I cannot admit to having any desire to be a weather presenter when I was that young, but I will say that from the moment I made my first televised forecast I knew I was absolutely going to love my job. There are very few subjects covered on television that affect everyone – and which everyone has an opinion about.

Our understanding of meteorological forecasting has dramatically improved over the years, as has our method of demonstrating it on screen. When I first started presenting the weather, we still used symbols for sunshine, clouds and rain that a viewer of the 1970s would instantly recognize. Today’s graphics are much more realistic and not only reflect our understanding of the weather and how it moves around the UK but also the power of today’s computers to create the pictures.

Computers have revolutionized our ability to forecast, and the Met Office uses a supercomputer to predict ever more accurate short- and long-range forecasts, allowing even earlier warning of low-probability, high-impact weather. The system can even help research climate change and its impact on society and the economy. In fact, the Met Office’s latest supercomputer is projected to become the second most powerful system in the UK and within the top twenty most powerful systems in the world. If nothing else, that shows you how much importance we attach to the weather in this country.

As you know, even with all that computing power and some of the brightest brains in meteorology – and I’m privileged to work with them on a daily basis – we don’t always get the weather forecast correct, but you can bet that when it isn’t spot on, there’s no one more frustrated than a Met Office forecaster!

I hope that if you’re reading this book you’ve developed as much of a fascination with the weather as I have. If I’m correct, then the wealth of information in these carefully researched pages will help you to learn more about the amazing climate that our islands enjoy – and who knows, you might be able to forecast the weather yourself. If you do – and you get it right more often than I do – just don’t write and tell me!

Carol Kirkwood

BBC TV Centre, Autumn 2009


Introduction
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MOST OF US check the weather forecast because we want to know how it will affect our day-to-day lives. Will we be able to have that family picnic at the weekend? Will we have to turn on the central heating? Will it rain so that that hosepipe ban will be lifted? When will the hot, humid weather break so we can sleep comfortably at night? That’s usually as far as our interest in the weather goes.

But our understanding of the weather and its causes is of vital importance to human survival. While most of us are no longer vulnerable to the extremes of weather that would have killed off many of our ancestors – who did not have the luxury of heated, air-conditioned, insulated housing – global warming and its effects is something that threatens to affect us all. Now more than ever it is important to understand what weather patterns mean, and how we can predict any changes that might have an impact on human life.

The Weather Book helps the reader understand the basic principles of weather formation and explains not only the localized effects of weather but also the global repercussions of climate change, allowing readers to talk with confidence on the topic that is on everybody’s lips.


SECTION 1: FORECASTING

1. Red Sky at Night: Early Forms of Forecasting
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PEOPLE HAVE ALWAYS been fascinated by – and in awe of – the elements, and with good reason. Long ago, before food grown in one country could be flown right across the world to another country, populations were much more dependent on what they produced locally – and hence on the weather that could spell success or ruin for a crop. Way back then, before modern meteorology and hi-tech forecasting, it must have seemed to many that they were at the mercy of capricious forces they did not understand.

Blowing in the wind

Wind vanes are one of the first forms of forecasting equipment – going back to the era BC, in fact, and ancient Babylon, Egypt, China and Greece. The most celebrated of these old-world vanes sat at the top of the Tower of the Winds, a structure 12 metres (approx. 40 feet) high that was built by the astronomer Andonikos in Athens in about 50 BC. Depictions of the gods associated with each of the eight wind directions were carved into its side, and a bronze Triton holding a rod stood on top of the tower. When the wind blew, he would spin on his axis and point his rod into the wind. Later, wind vanes were a popular addition to the European churches of the Middle Ages.

[image: images]

The sky’s the limit

In the fourth century BC, one of the greatest of all Greek philosophers, Aristotle – who was also tutor to Alexander the Great – produced the first serious study of the atmosphere. In this, he presented his theories on a wide variety of natural phenomena, from rainbows to snow. He entitled his work Meteorologica, after the Greek word ‘meteorol’, meaning an occurrence in the sky. From this we get both the words ‘meteor’ and ‘meteorology’ – the study of heavenly happenings.


A NUMBERS GAME

According to the Italian explorer Marco Polo (c.1254–c.1324), the great Mongol conqueror and emperor Kublai Khan (1215–94) kept around 5,000 court astrologers. Among their duties was forecasting the weather – and getting it right or wrong was a matter of life or death. But with so many other astrologers on hand, there was always another to take the place of the one who had ‘retired early’.



Let your hair down

It isn’t particularly scientific, but you can observe the behaviour of your hair for an indication of how wet the air is. Like paper, hair shrinks when it is dry and stretches when it is moist, increasing by up to 2.5 per cent in length. This effect did not go unnoticed centuries ago and became the basis of a number of methods for recording humidity:



• The German Nicholas of Cusa (c.1401–64) invented a method for measuring humidity by checking the amount of moisture absorbed by wool.

• Others constructed hygrometers (humidity-recording devices) using, among other materials, human hair, ox’s intestine, rat’s bladder, strings and wild oats – all of which responded to a change in the moisture content of the air.

Viva Italia!

Renaissance Italians were ahead of the game when it came to early meteorological inventions:



• In about 1450, the Italian architect Leon Battista Alberti (1404–72) invented the first anemometer, a device for measuring windspeed.

• In about 1592, Galileo Galilei (1564–1642) invented an early thermometer.

• In 1643, Evangelista Torricelli (1608–47) – who was a man, not a woman as the name suggests – invented the mercury barometer for measuring atmospheric pressure.

Nature’s language

Uneducated and without either the resources or leisure time to perform scientific experiments, ordinary people once relied on careful observation of nature to predict the weather, and a whole body of weather lore developed. Here are just a few examples…



It will be rainy and stormy if:



• flowers close up.

• the cows are lying down.

• there’s a ring of cloud around the moon.

• the swallows fly low (if they are flying high, the winds are light).



It will turn into a fine day if:



• it rains before seven.

• it’s foggy in the morning.



Winter will be severe if:



• squirrels store large quantities of nuts.

• squirrels have bushy tails.

• there are lots of berries on the trees.

• ant hills are high in July.

• hornets build their nests high.

• November is warm (obviously this applies only to the Northern Hemisphere where this is a winter month).



A ROSY GLOW

Not all folklore about the weather is old wives’ tales. The well-known saying ‘Red sky at night, shepherd’s delight; red sky in the morning, shepherd’s warning’ (or the American version, in which ‘shepherd’ is ‘sailor’) may have some foundation in fact. A red sunset sky is usually caused by reflections from minuscule dust particles trapped high in the atmosphere by conditions that occur before fine weather.




2. Weather Watch: Meteorology
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FOR MANY PEOPLE, knowing what the weather is going to do affects them no more than choosing whether to take an umbrella to work, or to have that picnic or barbecue at the weekend. But for others – farmers, pilots, sailors – accurate forecasts are essential.

All in it together

The ‘butterfly effect’ – a metaphor used to explain one aspect of chaos theory – neatly demonstrates just how tricky a meteorologist’s job is. According to the butterfly effect, something as delicate and apparently inconsequential as the flapping of a butterfly’s wings in one part of the world can set off a chain reaction that changes weather conditions far away in another continent. In other words, the whole swirling atmospheric mass is so sensitive to infinitesimal changes within it that everything affects everything else.

Pity the poor old meteorologist, but this does explain why weather forecasting is not an exact science. Air temperature, air pressure, atmospheric humidity, rainfall and wind all interact with each other to determine what the weather will be. Using all the armoury of measuring, recording and analytical devices at their command, meteorologists can give fairly accurate forecasts for five or six days ahead. For longer periods, the best we can currently hope for is general trends.


INNOVATOR

British scientist Robert Hooke (1635–1703) was ahead of his time. As well as inventing and improving on various weather-recording instruments, including rain gauges, the wheel barometer and devices for measuring humidity and wind speed, he also became convinced that such phenomena as fog, storms and hurricanes were caused by changes in air pressure – and thus laid some of the groundwork for modern meteorology.



Sifting and analysing

The way in which meteorologists handle data they receive can be simple – or highly sophisticated:



• The most straightforward approach is the (rather obvious) ‘persistence’ method. This is based on the idea that the weather today will be much the same as the weather yesterday. This may sound simplistic but, in regions with fairly consistent weather patterns, it’s a fairly reliable method – and thus perhaps hardly counts as ‘forecasting’ at all. In countries where the weather changes from day to day, or even hour to hour, it would not be effective.

• Getting a bit more analytical, the ‘trends’ method involves observing and recording particular weather features, and doing numerous mathematical calculations based on the data collected to predict how the weather will change over a period of time. For example, if a warm front is travelling at a consistent speed, meteorologists can predict where that warm front will be in a given period of time. This focused method works well for short-term forecasting.

• The most sophisticated option is computer analysis, involving highly specialized supercomputers – some of which can get through 1.3 trillion calculations per second (and a few even faster). Vast amounts of meteorological data are collected and fed into these computers, which then solve a series of mathematical equations to come up with a weather map. Excellent though it is, this form of forecasting is only as good as the information received. If there’s a gap in data – say, because the information is inadequate for more inaccessible areas like mountains or oceans – prediction will be less accurate.

Compare and contrast

In weather forecasting, once is never enough. When the supercomputers do their mathematical calculations, they produce what’s called a deterministic forecast – a single picture that does not allow for minute changes that could affect the outcome… like butterflies flapping their wings on the other side of the world.

For greater accuracy, meteorologists produce what’s known as an ‘ensemble’ forecast. The supercomputer reruns the deterministic forecast several times, using a slightly different starting point each time. This results in a number of different predictions. If all the results are fairly similar, the ensemble forecast is reasonably accurate. If, on the other hand, a range of very different results emerge, the forecaster will know that the prediction is less reliable.



RELIABLE SOURCE?

‘It is best to read the weather forecast before praying for rain.’

Mark Twain (1835–1910)



Gizmos and gadgets

Here are some of the main devices – some hi-tech and some more homespun – that are used to measure and record weather conditions:



Aircraft  With advances in technology, aeroplanes with large crews have been able to fly high in the sky and take direct recordings of weather conditions at altitude. Although they have largely been superseded by satellites, aeroplanes are still used for hurricane analysis – with their brave crews flying into the eye of the storm.



Anemometer Used to assess wind speed and direction, the most common type is the cup anemometer, consisting of three hollow cups on a vertical shaft. Different wind speeds cause the device to rotate at different rates, and these are then measured and recorded.



Balloon Weather balloons have been around since the late nineteenth century. The only problem was getting the information out of them – forecasters had to wait until a balloon floated back to land of its own accord, and this could be miles from its ori-ginal launchpad. Modern weather balloons, ‘radiosondes’, have radio transmitters that send a constant stream of information back to Earth, such as the temperature of the air at different altitudes. They can also exchange information with weather satellites, which increases their usefulness. Floating to heights of up to 27,400 metres (approx. 90,000 feet), balloons can go where other recording devices cannot – over otherwise inaccessible oceans, for example.



Radar  Developed for military purposes during World War II, radar (Radio Detection and Ranging) works by bouncing radio waves off objects and detecting the returning echoes. Its usefulness as a meteorological device was soon discovered, and now it’s used to track storms, hurricanes and tornadoes, and to analyse clouds and predict rainfall. Damp air in clouds reflects the radio waves back to the radar; the damper the air, the stronger the return signal, and this allows forecasters to calculate where it’s likely to rain.



Rain gauge This does just what it says – it gauges rainfall, either by measuring the weight or the volume of any precipitation. There are several different types and, although their simple construction should make them foolproof, things can go wrong – for example, snow or ice can block the funnel so that readings become inaccurate.



Satellite The real hi-tech option, weather satellites offer the most advanced method for recording atmospheric conditions. There are two types: geostationary satellites, located at about 35,680 kilometres (approx. 22,200 miles) above the surface, that travel at the same speed as the Earth turns, so they are always above the same place; and polar orbiting satellites, circling from pole to pole and travelling at a lower altitude so that they give a more detailed picture of weather conditions closer to the Earth. Satellites provide information on temperature, moisture levels, ozone distribution and solar radiation.



Sling psychrometer Used to measure relative humidity, this consists of two thermometers. One measures the dry air temperature, while the other is wrapped in a damp fabric wick. When the psychrometer is spun around, the evaporation from the wet wick causes the temperature to drop. The difference in the readings between the two thermometers indicates the level of humidity in the air.



Stevenson Screen A box-like shelter that looks a bit like a beehive and houses meteorological instruments for taking readings such as surface temperature. To avoid the strong rise and fall in temperature at ground level, the screen is raised up on legs. It has louvred sides to allow air to pass through and is painted white to reflect heat because it’s the temperature in the shade, not sunshine, that is measured. The Stevenson Screen was invented in 1864 by the engineer and meteorologist Thomas Stevenson (1818–87), father of the famous author Robert Louis Stevenson.

[image: images]



Wind sock Not exactly hi-tech, this conical tube of fabric, open at both ends and mounted on the end of a long pole, helps airline pilots to gauge wind direction and strength. When the wind blows, it flows through the sock, lifting it so that it points away from the wind and thus shows the direction from which the wind is coming.

High standards

Air pressure and temperature are crucial ingredients in the make-up of the weather, but measuring these is not that simple. Pressure and temperature vary with altitude, so meteorologists have had to agree on a common standard:



• Air pressure is measured at sea level and is recorded in units of pressure called millibars; the average air pressure at sea level is 1013.25 millibars.

• Air temperature is measured at a height of 1.5 metres (5 feet) above ground. So if the weather forecaster says the temperature will be 27°C (80°F) tomorrow, that refers to the temperature of the air swilling about at roughly that height.


HOT AND COLD

It was all very well having thermometers to measure temperature, but to give meaning to the temperature scale, it had to be linked to temperatures in the natural world. The German physicist and engineer Daniel Gabriel Fahrenheit (1686–1736) took the approximate temperature of blood as the top end of his scale at 100°F – his northern European compatriots did not expect air temperatures to rise any higher than this. The temperature at which fresh water froze then became 32°F. The Swedish astronomer Anders Celsius (1701–44), on the other hand, took the freezing point of water as his 0°C, and the boiling point as 100°C.





SIGNS AND SYMBOLS

Weather charts have a language all their own – and it’s fun to learn how to read them. Wind is measured in knots and, on a weather chart, winds are represented by lines called ‘barbs’ that look rather little arrows with feathers at the tail. The barbs point in the direction in which the wind is blowing and the ‘feathers’ – or short prongs protruding from the side of a barb – indicate its speed. If the wind is really strong, a pennant-shaped triangle is added to the side of the barb. Here’s the maths:



1 knot = 1.9kph (1.15mph)

Full-length prong = 10 knots

Half-length prong = 5 knots

Pennant = 50 knots



Prongs and pennants can be added up to give an actual wind speed. So, for example, a full-length prong and a half-length prong show a wind speed of 15 knots.




3. The Armchair Meteorologist
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ARMED WITH GREATER understanding of the weather and its causes, you can now do a bit of your own forecasting. The choice is yours – stick to careful observation backed by your new-found knowledge; let your inner child have some fun doing a few experiments and making some simple instruments; or go the whole hog and set up your own mini-weather station.

Judging the temperature

To measure air temperature, you will need a simple gadget – an air thermometer (or perhaps two, for more accurate comparison). These are available online, or you can buy them from specialist shops and some science museums. Now get creative… you may be surprised by some of the results:



• Measure the temperature at different heights, say 5 centimetres (2 inches) above the ground and 2 metres (approx. 6½ feet). What’s the difference, and how does it change in different weather conditions and at different times of the day?

• Take temperature readings close to buildings and out in the open – what’s the difference?

• Find the maximum and minimum temperature during each twenty-four hour stretch. Take two readings – one at 2pm for the maximum temperature, and one as early as possible in the morning, when temperatures are similar to the night-time minimum. Record the temperatures over a number of days and look for similarities, differences and patterns.

The way the wind blows

When someone observes that it’s windy, you can smugly remind yourself that you know better – that isn’t just wind, it’s a mass of high-pressure air rushing in to fill an area of low pressure. A wind sock – of the kind you see at airports – and a wind vane (see illustration here) are two simple devices you yourself can construct to detect the direction of the wind. For the wind vane, ensure that the compass points on the two fixed crossbars are accurate – use a compass to help you get it right. For a wind sock see here for details. Mount your sock or your vane high up, where they can catch the wind unimpeded.


Mirror, mirror…

… in this case, not on the wall but the ground. This satisfyingly simple method will help you assess how cloudy the sky really is. To start with, you’ll need a large mirror.



• Using a ruler and a pen, chinagraph pencil or wax crayon, mark out sixteen equal squares on the glass surface (make sure it’s not a family heirloom before doing so!).

• Lay the mirror flat on the ground, somewhere where you can see the whole sky reflected.

• Count the number of squares with cloud in them, then divide this number by two to convert your total to ‘oktas’. Oktas are the units of measurement used to record the amount of cloud cover; each represents one-eighth of the sky. On a sliding scale of 0–8, 0 oktas at one extreme signifies a totally clear sky, while 8 oktas means it’s completely overcast, with the oktas in-between giving you varying amounts of cloudiness.

Testing the water

To record rainfall, any container in which you can collect water and measure its depth will do. One problem, though, is that some of the rainwater may have evaporated before you get to do your measuring. For more accurate results, buy a purpose-made device – or mark on measurements at the side of your container before placing the container outside. Situate your gauge in an open space, well away from trees or buildings.



• Check your gauge and measure the amount of rainfall every day at the same time.

• Arrange a number of jam jars or other simple rain collectors in different spots – in the open as well as under trees and near buildings. How much of a difference do trees and buildings make to the amount of rain that reaches the ground?

Waterworks

• Although snow isn’t frozen rain – snowflakes form in clouds – it is made from the same basic substance as rain: water. Snowfall of about 25 centimetres (10 inches) roughly equates to 2.5 centimetres (1 inch) of rain. You can check this out by collecting snow in a measuring jug, noting its depth, then melting it to see how much water it makes.

• Raindrops in a shower are bigger than those in drizzle. Compare their sizes by letting them fall onto coloured blotting paper, then quickly measure how big they are.

• It’s easy enough to measure the depth of snowfall – just find a stretch of level snow, avoiding any patches where it has piled up unevenly, and insert a stick or short length of wood into it. Make a mark on the stick in line with the top of the snow, then compare this measurement with a ruler to get the depth in centimetres or inches.

A pressing matter

For this experiment to see how air pressure changes with altitude, you’ll need a barometer and a convenient hill – the higher the better. Or, if you’re surrounded by urban concrete, a skyscraper or tall church tower will do instead. Take barometer readings at different heights, at ground level and then at various levels on the way up. Keep a note of your readings, and the time of day at which you took them, for later comparison. To build your own makeshift barometer (see here for details).

Home weather station

It’s perfectly possible to set up your own small-scale weather station to track local weather, but it will involve some expense. The basic beginner’s kit you’ll need is:



• a barometer for reading air pressure.

• a thermometer for reading maximum and minimum temperatures and everything in-between.

• a wet- and dry-bulb hygrometer for reading humidity (see diagram).
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You’ll also need a screen to house your instruments – your DIY Stevenson Screen. You could use a wooden box with no base, or you could buy a louvred screen. Paint it white, to reflect heat radiation, and keep it clean. Set it up in the open, away from trees and buildings, and make sure it is secure and level. Place your instruments inside it and take regular daily readings, at the same time each day or, ideally, twice a day.

Where to get your kit

Meteorological organizations and museums may offer some equipment, or look online. Organizations and websites are also a good source of inspiration for experiments and homemade equipment. You could start with the following:



www.salemclock.com/weather/weather01.htm

www.miamisci.org/hurricane/weatherstation.html

www.rmets.org/weather/observing/index.php

Put it down on paper

Don’t waste all that research – log your data in a special notebook, and compare your notes to look for patterns and to gain new understanding of your local weather. Throughout this book there are ‘Do It Yourself’ hints, to show you how you can keep track of the weather without having to turn your home into the BBC weather station.




End of sample
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